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(54) Catalyst for purification of an exhaust gas from diesel engines 

(57) A catalyst for purification of an exhaust gas, 
e.g. from diesel engines, with an improved purification 
efficiency for both nitrogen oxide and particulates in 
exhaust emissions is provided. A high-temperature 
active catalyst includes: a first catalytic layer for reduc- 
ing nitrogen oodde, the first catalytic layer including a 
carrier part formed of iron (Fe) -doped modified zirco- 
nium dioxide, and a catalyst part formed of copper (Cu) 
or copper oxide; and a second catalytic layer for remov- 
ing particulates, the second catalytic layer including a 
carrier part formed of Cu-doped modified zirconium 
dioxide, a main catalyst part formed of platinum (Pt) and 
tin (Sn), and a co-catalyst part formed of copper oxide. 
A low-temperature active catalyst includes: a first cata- 
lytic layer for reducing nitrogen oxide, the first catalytic 
layer including a carrier part formed of iron (Fe)-doped 
modified zirconium dioxide, and a catalytic part formed 
of palladium (Pd); and a second catalytic layer for 
removing particulates, the second catalytic layer includ- 
ing a carrier part formed of copper (Cu)-doped zirco- 
nium dioxide, a main catalyst part formed of platinum 
(Pt) and tin (Sn), and a co-catalyst part formed of cop- 
per oxide. 
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Descrlpti n 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

[0001 ] The present invention relates to a catalyst for 
purification of an exhaust gas, e.g. of an exhaust gas 
emitted from a diesel engine of a vehicle. 

w 

2. Description of the Related Art 

[0002] There is increasing world-wide interest in 
environmental preservation along with environmental 
concerns. In particular, air pollution rather than water 75 
and soil pollution is mostly caused by combusters and is 
seriously affected by the structure of the exhaust sys- 
tem of the combuster, the operating principle thereof, 
and weather conditions. A typical combuster which 
causes the air pollution is vehicles. 20 
[0003] The seriousness in air pollution by vehicles 
lies in that vehicles emit pollutants wherever they go, 
and the use of vehicles sharply increases with improve- 
ment in living conditions. For this reason, restrictions 
have been imposed on the exhaust emissions from 25 
v hides, and as a result of efforts made, almost com- 
plete purification for carbon hydroxide, carbon monox- 
ide and nitrogen oxide in the exhaust emissions from 
gasoline engines has been achieved using a three way 
catalyst and a lean burn catalyst. 30 
[0004] However, the problems with diesel engines 
are different to those of gasoline engines. Recently, the 
use of diesel engines has greatly increased due to the 
high combustion efficiency of diesel and its low cost 
compared to gasoline. Due to the combustion principle 35 
of diesel engines which burn diesel under high-pressure 
and in an oxygen-rich atmosphere, diesel engines emit 
solid and liquid composite pollutants such as soot parti- 
cles (particulates), nitrogen oxides, soluble organic sub- 
stances, sulfides, etc. In particular, particulates 40 
containing a carcinogenic substance such as a multinu- 
cleate aromatic substance are considered to be the 
most harmful exhaust emissions, and are emitted in the 
form of an undesirable visible smog. For this reason, 
research into an exhaust gas purification system for die- 45 
sel engines has been focused on a catalyst for removing 
such particulates. 

[0005] On the other hand, nitrogen oxides, another 
major component of the exhaust emissions from diesel 
engines, are considered to be the main cause of air pol- so 
lution, which causes acid rain, and the formation of 
ozone and smog by a reaction with hydrocarbons. Nitro- 
gen oxides are eliminated by reduction. However, the 
presence of excessive oxygen relative to the oxygen 
equivalent required for oxidizing combustible carbonic ss 
compounds, such as unburnt hydrocarbons or carbon 
monoxide, hinders the reduction of nitrogen oxides for 
elimination. Also, it is difficult to purify nitrogen oxides 



under a sulfur oxide (SO*) atmosphere, and particularly, 

under a sulfur dioxide (SO2) atmosphere. 

[0006] Therefore, there is a need for a catalyst for 

purification of exhaust gas from diesel engines, which is 

effective for both the particulates and the nitrogen 

oxides. 

[0007] Existing exhaust gas purification techniques 
for diesel engines are classified into two classes; one for 
burning particulates using a trap, and the other for burn- 
ing soluble organic substances with a flow-through type 
catalyst produced by coating an open-ceil honey- 
combed carrier with a catalyst. In particular, the former 
is for exclusively removing carbon from the particulates, 
so that it cannot be used for removing the nitrogen 
oxides. Also, the latter is for oxidizing the soluble 
organic substances, in addition to the particulates, 
hydrocarbons and carbon monoxide to eliminate the 
same by using a metal catalyst in an oxide carrier as 
done with a catalyst for gasoline engines. In addition, it 
is known that the use of the flow-through type catalyst 
can reduce nitrogen oxides to some extent 
[0008] However, since the existing flow-through 
type catalyst mainly burns the soluble organic sub- 
stances, the reduction activity of the catalyst with 
respect to nitrogen oxides is merely at 20-30 percent of 
its oxidation activity with respect to particulates. This is 
regarded to be because sulfur in diesel produces exces- 
sive sulfur dioxide, oxygen and water in the exhaust 
emissions, which results in reduced activity and durabil- 
ity of the catalyst. 

[0009] Catalysts for purification of exhaust gas from 
vehicles are comprised of a earner and a main catalyst. 
Typical examples of the carrier, which has its inherent 
activity and is a decisive factor in determining the char- 
acteristics of the purification catalyst, include alumina, 
titanium dioxide, zirconium dioxide, silicon dioxide and 
the like. However, alumina for cfieseJ engines adsorbs 
sulfur dioxide at low temperatures and emits sulfur triox- 
ide at high temperatures via oxidation, which increases 
particulates in the exhaust emissions and reduces the 
activity and durability of the catalyst 
[Q010] Meanwhile, titanium dioxide and zirconium 
dioxide, which are used alone or in a mixture, adsorb a 
small amount of sulfur dioxide and produces a small 
amount of sulfate, but exhibit a sharp reduction in their 
specific surface area at high temperatures, so that they 
cannot sufficiently exert their functions as a carrier. In 
addition, titanium dioxide and zirconium dioxide lower 
the activity of a precious metal and a transition metal, 
and in turn deteriorate the catalyst. Silicon dioxide has a 
strong resistance against the toxicity of both sulfur diox- 
ide and water, but due to its low activity, a large amount 
of catalyst needs to be impregnated therein. 
[0011] As catalysts for the purification of exhaust 
gas from vehicles, the use of precious metals is widely 
known. Platinum (Pt) and palladium (Pd), which are typ- 
ical precious metals used as a three way catalyst for 
gasolin engines, have been verified as effective cata- 
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lysts, due to their cons id rably high purification activity 
with respect to nitrogen oxides in addition to hydrocar- 
bons and carbon monoxide. Accordingly, Pt and Pd 
have also been used widely for purification of the 
exhaust gas from diesel engines. 
[001 2] However, Pt has an advantage of good puri- 
fication activity for nitrogen oxide in diesel engines oper- 
ating under an oxygen-rich atmosphere, but has a 
disadvantage in that it facilitates oxidation of sulfur diox- 
ide at a temperature of 300°C or more and in turn 
serves as crystal nuclei for particulates, increasing the 
amount of particulates in the exhaust To account for 
this problem, addition of vanadium oxides for suppres- 
sion of the oxidizing power of sulfur dioxide has been 
suggested. However, vanadium oxides reduce the oxi- 
dation activity for pollutants including particulates, 
hydrocarbons and carbon monoxide along with the oxi- 
dizing power of sulfur dioxide, thereby lowering the 
durability of the catalyst. 

[0013] Also, Pd has an advantage in that it facili- 
tates the oxidation activity for sulfur dioxide at fairly high 
temperatures, for example, at at least 450°C, but has a 
low oxidation activity for pollutants at low temperatures 
and a reduced durability at low temperatures. 
[0014] In terms of cost and limited reserves of pre- 
cious metals, there is a need for new substitutes for pre- 
cious metals. However, since a main catalyst 
component capable of satisfactorily substituting for a 
precious metal has not yet been found, the amount of 
the precious metal used has been reduced with the aid 
of co-catalysts such as transition metals, rare earth met- 
als and oxides of these metals. However, these co-cata- 
lysts have a low initial activity, and are affected by suffur 
dioxide and water, which results in reduced durability. 

SUMMARY OF THE INVENTION 

[001 5] To solve the above problems, it is the techni- 
cal problem underlying the present invention to provide 
a catalyst for purification of an exhaust gas, e.g. from 
diesel engines, with the capability of improving oxidation 
efficiency of soot particles (particulates) and capable of 
preventing additional production of the particulates by 
suppressing oxidation of sulfur dioxide. 
[0016] This problem is solved by providing a cata- 
lyst having the features of claim 1 , 3, or 1 3. 
[0017] According to claim 1, there is provided a 
high-temperature active catalyst for purification of 
exhaust gas from diesel engines, comprising: a first cat- 
alytic layer for reducing nitrogen oxide, the f irst catalytic 
layer including a carrier part formed of iron (Fe)-doped 
modified zirconium dioxide, and a catalyst part formed 
of copper (Cu) or copper oxide; and a second catalytic 
layer for removing particulates, the second catalytic 
layer including a carrier part formed of Cu<toped modi- 
fied zirconium dioxide, a main catalyst part formed of 
platinum (Pt) and tin (Sn), and a co-catalyst part formed 
of copper oxid . 



[001 8] Preferably, the amount of Cu or copper oxide 
in the first catalytic layer is in th range of 0.5 to 5 wt% 
based on the weight of th carrier part formed of Fe- 
doped modified zirconium dioxid . 

5 [001 9] According to claim 3, there is provided a low- 
temperature active catalyst for purification of exhaust 
gas from diesel engines, comprising: a first catalytic 
layer for reducing nitrogen oxide, the first catalytic layer 
including a carrier part formed of iron (Fe)<toped modi- 

w fied zirconium dioxide, and a catalytic part formed of 
palladium (Pd); and a second catalytic layer for remov- 
ing particulates, the second catalytic layer including a 
carrier part formed of copper (Cu)-doped zirconium 
dioxide, a main catalyst part formed of platinum (Pt) and 

is tin (Sn), and a co-catalyst part formed of copper oxide. 
[0020] Preferably, the amount of Pd in the first cata- 
lytic layer is in the range of 0.2 to 0.8 wt% based on the 
weight of the carrier part formed of Fe-doped modified 
zirconium dioxide. Preferably, for the high-temperature 

20 active catalyst and the low-temperature active catalyst, 
the Fe-doped modified zirconium dioxide or the Cu- 
doped modified zirconium dioxide comprises SO f of 1 
to 5wt% based on the weight of the modified zirconium 
dioxide, and has a specific surface area of 80 to 130 

25 rrr^/gram. Preferably, for the high-temperature active 
catalyst and the low-temperature active catalyst, the 
amount of Fe in the earner part of the first catalytic layer 
is in the range of 3 to 6 wt% based on the weight of the 
modified zirconium dioxide. 

30 [0021] Preferably, for the high-temperature active 
catalyst and the low-temperature active catalyst, the 
amount of Cu in the carrier part of the second catalytic 
layer is in the range of 3 to 6 wt% based on the weight 
of the modified zirconium dioxide. Preferably, for the 

35 high-temperature active catalyst and the low-tempera- 
ture active catalyst, the amount of each of Pt and Sn of 
the second catalytic layer is in the range of 0.05 to 0.3 
wt% based on the weight of the carrier part formed of 
Cu-doped modified zirconium dioxide. Preferably, for the 

ao high-temperature active catalyst and the low-tempera- 
ture active catalyst, the copper oxide in the co-catalyst 
part of the second catalytic layer has a particle size of 
0.1 to 10 nm. and the amount of the copper dioxide is in 
the range of 10 to 30 wt% based on the weight of the 

45 main catalyst part of the second catalytic layer. 

[0022] Preferably, the first catalytic layer is coated 
on a heat-resistance three-dimensional structure along 
with alumina spheres with a size of 50 to 100 um, and 
the second catalytic layer is coated on the first catalytic 

so layer. Preferably, the amount of alumina spheres is in 
the range of 5 to 30 wt% based on the weight of the car- 
rier part formed of Fe-doped modified zirconium diox- 
ide. Preferably, the heat-resistance three-dimensional 
structure is one selected from the group consisting of an 

55 open-flow ceramic honeycombed structure, a wall-flow 
ceramic honeycomb monolithic structure and an open- 
flow metal honeycombed structur . 
[0023] In addition, the present inv ntion provides a 
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catalyst for purification of exhaust gas from diesel 
engines, prepared by linking the high-temperature 
active catalyst and the low-temperature active catalyst 
in series, such that the high-temperature activ catalyst 
is located at an exhaust gas inlet portion and the low- s 
temperature activ catalyst is located at an exhaust gas 
outlet portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] The above object and advantages of the 
present invention will become more apparent by 
describing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 is a schematic view of a flow-through type 
catalyst prepared in Example 8: 
FIGS. 2A and 2B are graphs illustrating the com- 
bustion temperature of particulates and the degree 
of S0 2 oxidation, respectively, for the catalysts of 
Exarrple 4 and Comparative Examples 3 and 4; 
FIGS. 3A and 3B are graphs illustrating the degree 
of nitrogen oxide reduction and the degree of S0 2 
oxidation, respectively, for the catalysts of Exam- 
ples 2 and 3 and Comparative Examples 1 and 2; 
FIGS. 4A and 4B are graphs illustrating the com- 
bustion temperature of particulates and the degree 
of SO2 oxidation, respectively, for the catalysts of 
Example 5 and Comparative Examples 5 and 6; 
FIGS. 5A and 5B are graphs illustrating the degree 
of nitrogen oxide reduction and the degree of SO? 
oxidation, respectively, for the catalysts of Exam- 
ples 6 and 7 and Comparative Examples 5 and 6; 
FIGS. 6A through 6C are graphs illustrating the 
combustion temperature of particulates, the degree 
of nitrogen oxide reduction and the degree of SO2 
oxidation, respectively, for the catalysts of Example 
8 and Comparative Examples 5 and 6; and 
FIG. 7 is a graph illustrating the smog removal effi- 
ciency of the catalysts of Example 8 and Compara- 40 
tive Examples 5 and 6 during a sudden speed rise 
of a diesel engine carrying the catalyst. 

DETAILED DESCRIPTION OF THE INVENTION 

45 

[0025] Zirconium dioxide powder initially has a low 
solid acidity, but shows a catalytic activity by addition of 
a metal oxide. However, as described previously, zirco- 
nium dioxide reduces the activity of a precious metal 
and a transition metal which are impregnated into the so 
carrier as a main catalyst. In addition, the catalytic activ- 
ity of zirconium dioxide disappears at a temperature of 
600°C due to a reduction in the specific surface area at 
the same temperature, which results in a reduced dura- 
bility of the catalyst. Thus, the present invention pro- ss 
vides a modified zirconium dioxide with an improved 
activity at high temperatures, and the specific surface 
area of which is not reduced at high temperatures, 



wherein the modified zirconium dioxide is obtained by 
adding a predet rmined amount of SO 4" into the lattice 
of zirconium dioxide powder. 

[0026] The low acidity of the modified zirconia of -5 
or mor (Hammet acidity function), which is fairly low 
compared to the activity of solid super acid of -14, ena- 
bles partial oxidation of hydrocarbons or carbon monox- 
ide with an improved reduction activity for nitrogen 
oxides and a higher degree of oxidation for particulates 
including carbon and soluble organic substances. 
[0027] Also, when the modified zirconium dioxide is 
doped with iron (Fe) and copper (Cu), which have their 
own active sites, and thermal treated, phase transition 
from a monoclinic to a tetragonal shape occurs due to 
excessive electrons produced in modified zirconium 
dioxide. As a resuft, O 2 ' with a strong activity are 
derived, further improving the oxidation activity. 
[0028] Iron is a metal which is good at partially oxi- 
dizing hydrocarbon. Thus, a carrier prepared by impreg- 
nating the modified zirconium dioxide with iron oxide is 
also good at partially oxidizing hydrocarbons. Also, car- 
bon monoxide produced by the partial oxidation of 
hydrocarbons increases a reduction activity for nitrogen 
oxide, but more particularly, increases the reduction 
activity for nitrogen oxide in a temperature range of 400 
to 500°C. In contrast to the excellent reduction activity 
for nitrogen dioxide, the power of oxidation for sulfur 
dioxide is relatively low at any temperature. Thus, it is 
preferable to dope a carrier part of a first catalyst layer 
with Fe. As for a catalyst part of the first catalyst layer, 
Cu is used for the activity at high temperatures and pal- 
ladium (Pd) for the activity at low temperatures. 
[0029] Cu is a metal having a higher reduction 
activity for nitrogen oxide. In a carrier prepared by 
impregnating the modified zirconium dioxide with cop- 
per oxide, reduction of nitrogen oxide and consumption 
of hydrocarbons occur at the same temperature range. 
Thus, by using both Fe that produces carbon monoxide 
by oxidizing hydrocarbons, and Cu having a higher 
power of reduction for nitrogen oxide in a predetermined 
ratio, the power of reduction for nitrogen oxide can be 
improved even in an oxidation atmosphere. Thus, it is 
preferable to impregnate a first catalyst layer of a high- 
temperature active catalyst, which is located at an 
exhaust gas inlet portion due to its activity, for example, 
in a temperature range of 380 to 420°C, with Cu as a 
main catalyst 

[0030] For a first catalyst layer of a low-temperature 
active catalyst, which is located at an exhaust gas outlet 
portion due to its activity, for example, in a temperature 
range of 250 to 320°C, Pd which has good activity at low 
temperatures and oxidation inhibition capability for sul- 
fur dioxide is preferred as a main catalyst for a higher 
purification efficiency for nitrogen oxide at a specific 
temperature. 

[0031] A second catalyst layer includes a carrier 
part formed of modified zirconium dioxid doped with 
Cu, a main catalyst part formed of a mixture of Pt and tin 
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(Sn), and a co-catalyst part formed of copper oxide. 
[0032] In particular, by combining the carrier of 
modified zirconium cfioxide doped with Cu, a main cata- 
lyst including Pt having a good oxidation activity at high 
temperatures and Sn having a good activity in the pres- s 
ence of moisture with oxidation inhibition capability for 
sulfur dioxide, and a copper oxide (CuO) as a co-cata- 
lyst, the toxicity of the exhaust can be suppressed and a 
large amount of oxygen ions is produced, resulting in an 
improved oxidation activity for particulates. In particular, 10 
the presence of CuO with a large particle size (ranging 
from 0.1 to 10 j±m) in the main catalyst prevents aggre- 
gation of Pt particles having activity at low tempera- 
tures, which results in an improved durability at high 
temperatures. is 
[0033] Thus, by coating the first catalyst layer for 
purification of nitrogen oxide, which has the foregoing 
feature, on a heat-resistance honeycombed 3-dimen- 
sional structure, and in turn the second catalyst layer for 
purification of particulates thereon, and by activating 20 
both the catalyst for nitrogen oxide purification (having 
activity at a temperature of 300 to 400°C) and the cata- 
lyst for particulate purification (having activity at a tem- 
perature of 400°C or less) in a predetermined 
temperature range, oxidation of hydrocarbons and 25 
reduction of nitrogen oxide occurs, which generates 
heat and particulates are burnt, which results in a local- 
ized reduction atmosphere with a synergistic effect in 
that the reduction efficiency of nitrogen oxide is 
improved and the combustion temperature of particu- 30 
lates is lowered. 

[0034] When coating the catalyst for nitrogen oxide 
purification and the catalyst for particulate purification 
on a heat-resistance honeycombed 3-dimensional 
structure, alumina spheres may be coated thereon at 35 
the same time, which allows the gaseous and particle 
substances of the exhaust gas in catalyst layers to be 
temporarily held. As a result, the purification ratio for 
nitrogen oxide and the combustion capability for partic- 
ulates are further improved. Preferably, the amount of 40 
alumina spheres is in the range of 5-30 wt% based on 
the weight of the carrier formed of a modified zirconium 
dioxide doped with Fe. If the amount of alumina spheres 
added exceeds this range, the catalytic activity may be 
lowered. 45 
[0035] Also, two catalysts for purification of nitrogen 
oxide, each having a first catalytic layer capable of 
reducing nitrogen oxide at different temperature ranges, 
are linked in series, the one having high-temperature 
catalytic activity being at an exhaust gas inlet portion so 
and the one having low temperature catalytic activity 
being at an exhaust gas outlet portion, whereby the 
activity temperature range for nitrogen oxide reduction 
is extended, which results in an improved activity for 
nitrogen oxide reduction. ss 
[0036] The present inventi n will be described in 
greater detail by means of the following examples and 
comparative examples. Th following examples are for 



illustrative purposes and not intended to limit the scope 
of the invention. 

Example 1 ; Catalyst for removal of particulates 

[0037] 1 1 .41 g of Cu(N0 3 ) 2 .3H 2 0 was dissolved in 
100 ml of deionized water, mixed with a modified zirco- 
nium dioxide containing 4 wt% SO 4 (specific surface 
area: 80-130w^/q) and then dried. The dried product 
was calcined at 500°C for 3 hours to provide carrier 
powder doped with 3wt% Gu (hereinafter, referred to as 
Cu-Z4). 

[0038] Following this, 0.18 g of [PtfNhykCfe and 
0.19 g of SnCI 3 .3H 2 0 were dissolved in 40 ml of ethyi- 
eneglycol solution (100%), mixed with the obtained Cu- 
Z4 carrier powder and dried. The resultant product was 
calcined at 500°C for 3 hours to add Pt and Sn each of 
0.1 wr%, as main catalysts, to the Cu-Z4 carrier powder. 
[0039] Also, CuO powder having a particle size of 
0.1 to 10 urn was added in an amount of 30% by weight 
of the main catalyst added to the Cu-Z4 carrier powder, 
to afford a catalyst 0. 1Pt-0. lSn/Cu-Z4/30CuO for use in 
removing particulates in exhaust emissions. 

Example 2 : High-temperature active catalyst for purifi- 
cation of nitrogen oxide 

[0040] A modified zirconium oxide with 4 wt% SO 4" 
(specific surface area of 80-130 m 2 /g) was mixed with a 
Fe(N0 3 ) 2 solution, dried and calcined at 500°C for 3 
hours to afford carrier powder doped with 3 wt% Fe20 3 
(hereinafter, referred to as Fe-Z4). 
[0041] Following this, 11.41 g of Cu(N03)2.3H 2 0 
was dissolved in 100 ml of deionized water. The result- 
ing solution was added dropwise to 1 00 g of Fe-Z4 pow- 
der, stirred and dried. The dried product was calcined at 
500°C for 3 hours to afford a catalyst 3Cu/Fe-Z4 which 
has activity at high temperatures for nitrogen oxide. 

Example 3: Low-temperature active catalyst for purifica- 
tion of nitrogen oxide 

[0042] Trie process of Example 2 was followed 
except that 0.6 wt% Pd was used instead of 3wt% Cu, 
to afford a catalyst 0.6Pd/Fe-Z4 which has activity at 
low temperatures for nitrogen oxide. 

Example 4 

[0043] 2.0 g of the catalyst powder obtained in 
Example 1 and 0.1 g of particulates from exhaust emis- 
sions were compressed by a force of 0.5 kgf/cm 2 to form 
pellets. The pellets were milled and sieved to obtain par- 
ticles having a size of 1 -2 mm. A removal ratio of parti- 
cles was measured. 
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Example 5 

[0044] 200 g of the catalyst powder obtained in 
Example 1 was mixed with 500 ml of deionized water to 
obtain a catalyst slurry. The slurry was coated on a hon- 
eycomb structure having 400 cells per square inch of 
cross-section. The honeycomb coated with the slurry 
was dried and then calcined at 500°C for 2 hours), 
resulting in a catalytic layer for removing particulates on 
the honeycomb structure. 

Example 6 

[0045] A catalytic layer for purification of nitrogen 
oxide at high temperatures was prepared as in Example 

5, except that 200 g of the catalyst powder obtained in 
Example 2 was mixed with 500 ml of deionized water to 
obtain a catalyst slurry, and alumina spheres having a 
particle size of 50 to 100 |im were added in an amount 
of 1 0 wt% based on the weight of the carrier powder. 

Ex a m p le 7 

[0046] A catalytic layer for purification of nitrogen 
oxide at low temperatures was prepared as in Example 

6, except that the catalyst powder obtained in Example 
3 was used instead of the catalyst powder from Exam- 
ple 2. 

Example 8 

[0047] As illustrated in FIG. 1, a high-temperature 
active catalyst for use in an exhaust gas inlet portion of 
diesel engines and a low-temperature active catalyst for 
use in an exhaust gas outlet portion of diesel engines 
were prepared. For the high-temperature active cata- 
lyst the catalytic layer formed in Example 6 was coated 
with the catalyst slurry for removing particulates pre- 
pared in Example 5 by a dipping method. For the low- 
temperature active catalyst, the catalytic layer formed in 
Example 7 was also dipped in the catalyst slurry for 
removing particulates prepared in Example 5. 
[0048] Following this, the high-temperature active 
catalyst and the low-temperature active catalyst were 
linked in series to form a flow-through type catalyst 
expressed as (0. 1Pt~0. 1Sn/Cu-Z4)/(3Cu/Fe-Z4)+(0. 1Pt- 
0. 1Sn/Cu-Z4)/(0.6Pd/Fe-Z4). 

[0049] For comparison, catalysts having about 
twice the particulate removal efficiency (approximately 
40%) relative to a general post-treatment catalyst, were 
selected from the catalysts prepared in the above exam- 
ples. For the selection, each catalyst was loaded into a 
supercharged direct injection type l-6-cylinder diesel 
engine (displacement 11,100cc) and diesel containing 
0.25wt% sulfur was supplied. Then, a predetermined 
particular removal performance test was carried out 



Comparativ Exampl 1 

[0050] A solution of Cr(N0 3 ) 3 .9H 2 0 was dissolved 
in dei nized water of 200 wt% based on the weight of 

5 Ti0 2 powder, mixed with Ti0 2 powder having a specific 
surface area of 250 to 350 rrf/g, and stirred to impreg- 
nate the Ti0 2 powder with Cr to a loading of 3 wt%. The 
resulting slurry was dried and calcined at 500°C for 5 
hours to obtain Cr-doped carrier powder. For a main 

10 catalyst part, Fe(N0 3 ) 2 and PtfNH^C^.HsO were dis- 
solved in an ethyl en eglycol solution of 40 wt% based on 
the weight of the initial TlOg to impregnate the Cr-doped 
TIO2 carrier powder with Fe and Pt, respectively, to a 
loading of 3 wt% and 0.5 wt%, respectively. After the Fe 

rs and Pt impregnation, the same drying and calcination 
procedure was repeated. NiO powder having a particle 
size of 0.1 to 10 jim was added in an amount of 30 wt% 
based on the weight of the Cr-doped TIO2 carrier pow- 
der to afford a composite catalyst expressed as 3Fe- 

20 0.5Pt/Cr-TiOz*-30NiO. 

C Qrnp arative Ex a m p le 2 

[0051 ] The process of Comparative Example 1 was 
25 followed except that Pd(N0 3 ), PrflMQak.eHaO. 
Ce(N03) 2 .6H 2 0, CufNOsfc.S^O and NH 4 V0 3 were 
separately dissolved in a 40wt% ethylene glycol solu- 
tion, and added to T10 2 powder having a specific gravity 
of 250 to 350 rr^/g to impregnate the TIO2 powder sep- 
30 arately with Pd, Pr, Ce, Cu and V to a loading of 2 wt%, 
5 wt%, 5wt%, 10 wt% and 15 wt%, respectively. 

Comparative Examples 3 and 4 

35 [0052] Catalyst pellets with particulates were pre- 
pared following the process of Example 4, except that 
the catalyst powders from Comparative Examples 1 and 
2 were used respectively. 

40 C omp arative Ex a m p les 5 and 6 

[0053] The process of Example 5 was followed 
except that the catalyst powders from Comparative 
Examples 1 and 2 were used respectively. 

45 

(1) Catalytic Activity Testing 

[0054] The combustion activity for particulates and 
the purification activity for nitrogen oxide were meas- 
50 ured in the following conditions: 

• Gas Composition: 500 ppm NO x ; 800 ppm HC; 
2000 ppm CO; 200 ppm SCfe; 10% H 2 0; 10% Cfe; 
He balance 

55 • Reaction Temperature: 200 to 600°C 

• Space Velocity: 40,000/h 

[0055] Analysis of the effluent was carried out to 
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determine the amount of C0 2 produced, the degree of 
SO2 oxidation, and the degree of NO x reduction. A non- 
dispersive infra-red analyzer was used for the measure- 
ment of the amount of CO2 and the degree of S0 2 oxi- 
dation, and a chemiluminescent detector analyzer for 
the degr e of NO x reduction. The results of this analysis 
are presented in FIGS. 2A through 7B. 
[0056] FIGS. 2A and 2B illustrate the analysis 
results for Example 4 and Comparative Examples 3 and 
4. Referring to FIG. 2A, the combustion temperature of 
particulates for the catalyst of Example 4 is similar to 
that of Comparative Example 3 at about 425°C. How- 
ever, FIG. 2A also clearly shows that the catalyst of 
Example 4 has a vigorous reactivity to produce C0 2 
from particulates while the catalysts of Comparative 
Examples 3 and 4 has a temporal resting stage near 
270°C in the combustion of particulates. Referring to 
FIG. 2B, the catalyst of Example 3 exhibits a good SO2 
oxidation inhibition effect at low temperatures compared 
to the catalysts of Comparative Examples 3 and 4. 
[0057] FIGS. 3A and 3B illustrate the analysis 
results for Examples 2 and 3 and Comparative Exam- 
ples 1 and 2. As shown in FIG. 3A, the degree of nitro- 
gen oxide reduction by the catalysts of Examples 2 and 
3 is about 25 to 40 %, which is lower than that by the 
catalyst of Comparative Example 1 . However, the cata- 
lyst of Example 3 shows the highest degree of nitrogen 
oxide reduction at 370°C which is close to the average 
temperature of exhaust gas during traveling of diesel 
engines. In addition, although the catalyst of Example 2 
shows the highest reduction of nitrogen oxide at a lower 
temperature of 290°C than for Example 3, its effects on 
S0 2 oxidation is advantageous with a lower degree of 
SO2 oxidation. 

[0058] FIGS. 4A and 4B illustrate the analysis 
results for Example 4 and Comparative Examples 5 and 
6. As shown in FIG. 4A, the combustion temperature of 
particulates is lower at about 405°C for the catalyst of 
Example 5 compared to that of Comparative Examples 
5 and 6, and the steep curve for Example 5 assures a 
good reactivity during the burning of particulates. Also, 
the degree of SO2 oxidation for Example 5 is as low as 
about 20% at a temperature of 400°C or less. 
[0059] FIGS. 5A and 5B illustrate the analysis 
results for Examples 6 and 7 and Comparative Exam- 
ples 5 and 6. As shown in FIG. 5A, the degree of nitro- 
gen oxide reduction is 19% at 370°C for the catalyst of 
Example 7 and 17% at 320°C for the catalyst of Exam- 
ple 6, which is two or three times the reduction of nitro- 
gen oxide for the catalysts of Comparative Examples 5 
and 6. Also, as shown in FIG. 5B, the degree of S0 2 oxi- 
dation for these catalysts is slightly higher than that for 
Comparative Examples 5 and 6. but this SO2 oxidation 
can be improved by coating additional catalytic layer for 
particulate reduction on the carrier. 
[0060] FIGS. 6A through 6C illustrate the analysis 
results for Example 8 and Comparative Examples 5 and 
6. Th combustion temperature of particulates is 400°C 



for the catalyst of Example 8, which is lower compared 
to the catalysts of Comparative Examples 5 and 6 as 
shown in FIG. 6A. As shown in FIG. 6B, the catalyst of 
Example 8 shows a high nitrogen oxide reduction of 
5 18% in a wide temperature range from 300 to 400°C. 
Also, the degree of S0 2 oxidation is very low for the cat- 
alyst of Example 8 as shown in FIG. 6C. 

(2) Smog Removal Performance Test 

10 

[0061] The smog removal performance during a 
sudden speed rise was measured for the catalysts of 
Example 8 and Comparative Examples 5 and 6. For the 
test, the catalysts were loaded separately to a vehicle 

15 carrying a supercharged direct injection type 4-cylinder 
diesel engine (displacement 2600cc) and each vehicle 
was driven at a speed of 40, 60 and 80 km/h. A prede- 
termined portion of exhaust gas through an exhaust 
pipe was sucked with a pump and filtered off with a filter 

20 paper. Then, the concentration of smog was read by 
converting light reflection by the contaminated filter 
paper to a current. The result is presented in FIG. 7. As 
shown in FIG. 7, the catalyst of Example 8 shows a fairly 
higher smog removal efficiency for the entire speed 

25 range compared to the catalysts of Comparative Exam- 
ples 1 and 2. In particular, it should be noted that the 
smog removal efficiency by the catalyst of Example 8 is 
about 10% even at a speed of 40 km/h at which particu- 
lates are barely removed. 

30 [0062] As described above, in the catalysts for puri- 
fication of exhaust gas from a diesel engine, the use of 
Pt and Pd, which are precious metals, is restricted to be 
lower than 0.3 wt% and 0.8 wt%, respectively, based on 
the weight of carrier. However, irrespective of the 

35 reduced amount of precious metal, the combustion tem- 
perature of particulates is decreased to 400°C or less, 
which is considerably low relative to that of 500°C or 
more by a common catalyst, under a simulated exhaust 
gas atmosphere containing 10% or more moisture and 

40 200 ppm SO2. Also, the particulate burning efficiency by 
the catalysts of the present invention is better than that 
by the catalysts of the comparative examples which are 
considered to have a good particulate burning effi- 
ciency. As for the purification of nitrogen dioxide, the 

45 catalysts of the present invention exhibit a purification 
efficiency of 1 8% or more in a temperature range of 300 
to 400°C, which is 8% higher than the purification effi- 
ciency of a common catalyst for nitrogen dioxide. In 
addition to the good nitrogen dioxide purification per- 

50 formance, the catalysts of the present invention contrib- 
ute to reducing the oxidation of S0 2 , so that there is no 
concern about secondary production of particulates. 
Furthermore, the catalysts of the present invention 
show a higher smog removal efficiency of 20% or more 

55 on average during a sudden speed rise from 40 to 100 
km/h. 
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Claims 

1 . A high-temperature active catalyst for purification of 
an exhaust gas, e.g. from diese! engines, charac- 
terized by: 5 



2. The catalyst of claim 1 , wherein the amount of Cu 

or copper oxide in the first catalytic layer is in the 20 
range of 0.5 to 5 wt% based on the weight of the 
carrier part formed of Fe-doped modified zirconium 
dioxide. 

3. A low-temperature active catalyst for purification of 25 
an exhaust gas, e.g. from diesel engines, charac- 
terized by: 

- a first catalytic layer for reducing nitrogen 
oxide, the first catalytic layer including a carrier 30 
part formed of iron (Fe) -doped modified zirco- 
nium dioxide, and a catalytic part formed of pal- 
ladium (Pd); and 

a second catalytic layer for removing particu- 
lates, the second catalytic layer including a car- 35 
rier part formed of copper (Cu)-doped 
zirconium dioxide, a main catalyst part formed 
of platinum (Pt) and tin (Sn), and a co-catalyst 
part formed of copper oxide. 

40 

4. The catalyst of claim 3, wherein the amount of Pd in 
the first catalytic layer is in the range of 0.2 to 0.8 
wt% based on the weight of the carrier part formed 
of Fe-doped modified zirconium dioxide. 

45 

5. The catalyst of any one of clai ms 1 to 4, wherein the 
Fe-doped or Cu-doped modified zirconium dioxide 
comprises SO 4" of 1wt% to 5wt% based on the 
weight of the modified zirconium dioxide, and has a 
specific surface area of 80 rrl/gram to 130 so 
mfygram. 

6. The high-temperature active catalyst of any one of 
claim 1 to 5, wherein the amount of Fe in the carrier 
part of the first catalytic layer is in the range of 3 ss 
wt% to 6 wt% based on the weight of the modified 
zirconium dioxide. 



7. The high-temperature active catalyst of any one of 
claims 1 to 6, wherein the amount of Cu in the car- 
ri r part of the second catalytic layer is in the rang 
of 3 wt% to 6 wt% based on the w ight of the mod- 
ified zirconium dioxide. 

8. The high-temperature active catalyst of any one of 
claims 1 to 7, wherein the amount of each of Pt and 
Sn of the second catalytic layer is in the range of 

0. 05 wt% to 0.3 wt% based on the weight of the car- 
rier part formed of Cu-doped modified zirconium 
dioxide. 

9. The high-temperature active catalyst of any one of 
claims 1 to 8, wherein the copper oxide in the co- 
catalyst part of the second catalytic layer has a par- 
ticle size of 0.1 nm to 10 jun, and the amount of the 
copper dioxide is in the range of 10 wt% to 30 wt% 
based on the weight of the main catalyst part of the 
second catalytic layer. 

10. The high-temperature active catalyst of any one of 
claims 1 to 9, wherein the first catalytic layer is 
coated on a heat-resistance three-dimensional 
structure along with alumina spheres with a size of 
50 jim to 100 jim, and the second catalytic layer is 
coated on the first catalytic layer. 

11. The high-temperature active catalyst of claim 10, 
wherein the amount of alumina spheres is in the 
range of 5 wt% to 30 wt% based on the weight of 
the carrier part formed of Fe-doped modified zirco- 
nium dioxide. 

12. The high-temperature active catalyst of claim 8 or 
9, wherein the heat-resistance three-dimensional 
structure is one selected from the group consisting 
of an open-flow ceramic honeycombed structure, a 
wall-flow ceramic honeycomb monolithic structure 
and an open-flow metal honeycombed structure. 

13. A catalyst for purification of exhaust gas, e.g. from 
diesel engines, prepared by linking the high-tem- 
perature active catalyst according to any of claims 

1, 2, and 5 to 12, and the low-temperature active 
catalyst according to any of claims 3, 4, and 5 to 12, 
in series, such that the higji-temperature active cat- 
alyst is located at an exhaust gas inlet portion and 
the lew-temperature active catalyst is located at an 
exhaust gas outlet portion. 



a first catalytic layer for reducing nitrogen 
oxide, the first catalytic layer including a carrier 
part formed of iron (Fe) -doped modified zirco- 
nium dioxide, and a catalyst part formed of cop- 10 
per (Cu) or copper oxide; and 
a second catalytic layer for removing particu- 
lates, the second catalytic layer including a car- 
rier part formed of Cu-doped modified 
zirconium dioxide, a main catalyst part formed 75 
of platinum (Pt) and tin (Sn), and a co-catalyst 
part formed of copper oxide. 
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Descripti n 

BACKGROUND OF THE INVENTION 
s Reld of the Invention: 

This invention relates to a catalyst for the decomposition of nitrogen oxides and a method for purifying a diesel 
engine exhaust gas by the use of the catalyst. More particularly, it relates to a catalyst which is capable of decomposing 
and allaying particularly nitrogen oxides (NOJ among other harmful components in the diesel engine exhaust gas and. 
10 at the same time, depriving by combustion the exhaust gas of carbonaceous particulates, unburned hydrocarbons, and 
carbon monoxide and a method for purifying the diesel engine exhaust gas by the use of this catalyst. Description of 
the Prior Art: 

The nitrogen oxides (hereinafter referred to as "NO/) in the diesel engine exhaust gas cause photochemical smog 
and acidic rain. In recent years, since the emission of the NO x from the diesel engines has been posing a social issue 
75 particularly in the urban districts, the alleviation of this emission is an important consideration. For this reason, studies 
aimed at a catalyst for the disposal of the exhaust gas are new under way. Further, since the diesel engine exhaust gas 
contains particulates harmful to the physical health, the catalyst for the disposal of the exhaust gas of this nature is 
naturally expected to be capable of decomposing the NO x and repressing these particulates as well. 

It has been customary heretofore to use a three way catalyst for the purpose of purifying the exhaust gas from an 
20 automobile. Since the exhaust gas from a diesel engine excessively contains oxygen, however, the ordinary three way 
catalyst is incapable of thoroughly allaying the NO x . 

A catalyst having copper deposited on a porous carrier such as of zeolite, alumina, or silica as disclosed in JP-A- 
63-100,91 9, for example, has been available for the removal of the NO x from the exhaust gas of a diesel engine or the 
exhaust gas of a gasoline-lean burn engine which contains oxygen in a large quantity. This catalyst, however, is at a 
25 disadvantage in being deficient in resistance to heat and liable to be poisoned by sulfur oxides. 

A method for removing the NO x by using platinum as a main catalyst in the presence of sulfur oxides has been 
disclosed, for example, in J P-A-05-1 37,963. This platinum-containing catalyst naturally is highly active in oxidizing S0 2 - 
When it is used in the disposal of the diesel engine exhaust gas, therefore, it increases sulfate group owing to the 
oxidation of SO2 and possibly increases particulates rather than decreases them. 
30 As remarked above, the catalysts heretofore proposed for the removal of nitrogen oxides stall have a problem from 
the practical point of view for the purpose of purifying the exhaust gas from a diesel engine. 

It is an object of this invention, therefore, to provide a novel catalyst for the decomposition of nitrogen oxides and a 
method for purifying the diesel engine exhaust gas by the use of this catalyst. 

Another object of this invention is to provide a catalyst which is enabled by the addition of a reducing agent to attain 
35 efficient decomposition of the NO x in the diesel engine exhaust gas and a method for the use of this catalyst. 

Still another object of this invention is to provide a catalyst which effects removal by combustion of such harmful 
components as unburned hydrocarbons and carbon monoxide, allays particulates, and possesses an ability to withstand 
elevated temperatures. 

40 SUMMARY OF THE INVENTION 

The objects mentioned above are accomplished by a catalyst for the decomposition of nitrogen oxides, having a 
refractory three-dimensional structure coated with a copper-containing zirconia powder having deposited copper the 
catalytically active oxide of at least one metal selected from the group consisting of tungsten, gallium, nickel, manganese, 

45 iron, and cobalt on a zirconia powder, wherein the zirconia powder has a BET specific surface area in the range of 50 
to 200 rrWg and an average primary particle diameter in the range of 50 to 200 A. 

This invention further concerns the catalyst for the decomposition of nitrogen oxides, wherein the refractory three- 
dimensional structure is an open-flow ceramic honeycomb or metal honeycomb. This invention further concerns the 
catalyst for the decomposition of nitrogen oxides, wherein the copper content as element is in the range of 5 to 50% by 

so weight based on the zirconia powder and in the range of 4 to 1 00 g per liter of the refractory three-dimensional structure. 
This invention further concerns the catalyst for the decomposition of nitrogen oxides, wherein the amount of the cata- 
lytically active oxide of at least one metal to be used in combination with copper is in the range of 2 to 40% by weight 
based on the copper element This invention further concerns the catalyst for the decomposition of nitrogen oxides, 
wherein the amount of the zirconia powder is in the range of 50 to 250 g per liter of the refractory three-dimensional 

55 structure. 

The objects mentioned above are also accomplished by a method for the removal of nitrogen oxides in a diesel 
engine exhaust gas, which comprises exposing to the catalyst the diesel engine exhaust gas whose HC/NO x molar ratio 
is in the range of 0.5 to 20 (HC reduced to methane concentration). The objects are also accomplished by a method for 
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the removal of nitrogen oxides in a diesel engin exhaust gas, which comprises injecting a reducing agent into the diesel 
engine exhaust gas and exposing the exhaust gas to the catalyst mentioned above. 

This invention further concerns the method for the r moval of the nitrogen oxides, wher in the temperature of the 
exhaust gas into which the reducing agent is injected is in the rang of 200° to 500 °C. This inventi n further concerns 
5 the method for the removal of nrtrog n oxides, wherein the reducing agent is gas oil. 

The catalytic component of the catalyst according to this invention has the ability to adsorb hydrocarbons which 
function as a reducing agent for nitrogen oxides. The use of this catalytic component, therefore, enhances the ability of 
the catalyst to decompose the NO x and the ability thereof to purge such substances as unburned hydrocarbons and 
particulates. To be specific, since the catalyst of this invention has a notable ability to decompose the NO x , manifests 
10 the effect of repressing particulates, and excels in the ability to withstand elevated temperatures as shown in Table 1 , it 
is useful as a catalyst for purifying the diesel engine exhaust gas. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

75 The catalyst of the present invention for the decomposition of nitrogen oxides is produced by coating a refractory 
three-dimensional structure with a copper-containing zirconia powder having deposited copper and the catalytically 
active oxide of at least one metal selected from the group consisting of tungsten, gallium, nickel, manganese, iron, and 
cobalt on a zirconia powder. 

First, the catalytically active oxide to be used in this invention is the oxide of at least one member selected from the 
20 group consisting of tungsten, gallium, nickel, manganese, iron, and cobalt preferably the oxide of iron, tungsten, nickel, 
or manganese. 

This catalytically active oxide is deposited in combination with copper on a zirconia powder to form the copper- 
containing zirconia powder. 

The copper-containing zirconia powder is made to coat the refractory three-dimensional structure 

25 The copper content as element is in the range of 5 to 50% by weight, preferably 10 to 20% by weight based on the 
zirconia powder and in the range of 4 to 1 00 g, preferably 1 0 to 40 g, per liter of the refractory three-dimensional structure. 
If the copper content is less than the lower limit of the range mentioned above, the ability of the catalyst to decompose 
the NO x will be unduly low. Conversely, if the amount of copper to be deposited exceeds the upper limit of the range 
mentioned above, the excess will bring about no proportionate addition to the ability of the catalyst to decompose the 

30 NO x and will prove wasteful. As the starting material for the copper, nitrate, suHate, and other similar inorganic salts and 
acetate and other similar organic salts of copper, water-soluble chains which are readily converted by calcination into 
copper oxide, and copper oxide are available. As concrete examples of the starting material, copper nitrate, copper 
acetate, and copper oxide maybe cited. 

The amount of the catalytically active oxide of at least one metal to be deposited in combination with copper on the 

35 refractory three-dimensional structure is in the range of 2 to 40% by weight preferably 5 to 20% by weight, as oxide 
based on the amount of copper (as element) and in the range of 0.1 to 16 g. preferably 1.0 to 10 g, per liter of the 
refractory three-dimensional structure. If the amount of the catalytically active oxide to be used is less than the lower 
limit of the range mentioned above, the effect of the catalytically active oxide will be unduly low. Conversely, if this amount 
exceeds the upper limit of the range mentioned above, the excess will bring about no proportionate addition to the effect 

40 of the catalytically active oxide. As the starting material for the catalytically active oxide, nitrate, sulfate, carbonate, 
phosphate, chloride, hydroxide, oxide, and other inorganic salts and acetate and other organic salts of the metal men- 
tioned above are available. 

In this invention, these catalytic components are used as deposited on a zirconia powder. The zirconia powder is 
capable of affording a catalyst excelling in activity and ability to withstand elevated temperatures as compared with other 

45 powders of such inorganic oxides as alumina and zeolite. 

Appropriately, the zirconia powder to be used in this invention has a Brunauer-Emmett-Teller (hereinafter referred 
to as "BET) surface area in the range of 50 to 200 m?/g, preferably 60 to 1 20 mz/g. The average primary particle diameter 
of the zirconia powder is in the range of 50 to 200 A, preferably 60 to 140 A. 

Zirconia, among other inorganic oxides, proves particularly advantageous in respect that it can afford a catalyst 

so excelling in activity and durability. It has been ascertained to the inventors that in order for the catalyst to acquire high 
activity, it is important that the refractory inorganic oxide destined to form a substrate for the catalyst have an amply 
large surface area and exhibit an ability to disperse copper to a certain extent and not to an unduly high extent It has 
been established in this respect that zirconia possessing such a BET specific surface area and average primary particle 
diameter as mentioned above is most suitable. 

55 The amount of the refractory inorganic oxide powder to be used is in the range of 50 to 250 g. preferably 70 to 200 
g, per liter of the refractory three-dim nsional structure. If this amount is less than 50 g/Trter, this inorganic oxide powder 
will tail to acquire a fully satisfactory quality. Conversely, if the amount exceeds 250 g/lrter, the excess will bring about 
no proportionate addrti ntoth quality. 
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The refractory three-dimensional structure to be used in this invention may be in the form of pellets or a monolithic 
carrier. The monolithic carrier is used preferably. Th honeycomb carrier using such a material as cordierrte, mullite, a- 
alumina, zirconia, titania, titanium phosphat , aluminum trtanate, betalite, spondum n, alumino-silicate, or magnesium 
silicate is used appropriately. The honeycomb carrier made of cordierrte, among other materials mentioned above, proves 
5 particularly advantageously. Besides, a mon lithic structure made of such a heat-resistant metal as stainless steel or 
F -Cr-AI alloy which is resistant to oxidation can be used. 

The monolithic carrier is produced by the extrusion molding method or the method of tightly rolling a sheet material, 
for example. The openings formed in the monolithic carrier for passage of a gas (shape of cells) may be in the shape of 
a hexagon, tetragon, triangle, or corrugation. For fully satisfactory service, the monolithic carrier is only required to have 
10 a cell density (number of cells/unit cross-sectional area) falling in the range of 150 to 600 cells/square inch, preferably 
200 to 500 cells/square inch. 

For this invention, the method for depositing the catalytic component on the carrier is not particularly limited. The 
method of impregnation is generally adopted for the deposition. 

The catalyst according to this invention can be prepared, for example, by the following method. 
is First, the refractory inorganic oxide powder is placed in and impregnated with an aqueous solution containing copper 
oxide in a prescribed amount and the compound of at least one metal. The resultant impregnated powder is then dried 
at a temperature in the range of 80° to 250 °C, preferably 1 00° to 1 50 °C, and the dried impregnated powder is subse- 
quently calcined at a temperature in the range of 300° to 850 °C, preferably 400° to 600 °C, for a period in the range of 
0.5 to 5 hours, preferably 1 to 2 hours. Consequently, a powder having the oxides of metals deposited on the refractory 
20 inorganic oxide is obtained. 

Then, the powder obtained as described above is wet ground into a slurry. The refractory three-dimensional structure 
is impregnated with the slurry. The resultant wet structure is then deprived of excess slurry, dried at a temperature in 
the range of 80° to 250 °C, preferably 100° to 150 °C, and calcined at a temperature in the range of 300° to 800 °C. 
preferably 400° to 600 °C, for a period in the range of 0.5 to 3 hours, preferably 1 to 2 hours, to coat the refractory three- 
25 dimensional structure with the catalytic composition. 

In this invention, when the diesel engine exhaust gas whose HC/NO x molar ratio is in the range of 0.5 to 20 (HC for 
the total carbon concentration as methane), preferably 1 to 10, is exposed to the catalyst mentioned above, nitrogen 
oxides in the exhaust gas are removed. Specifically, if the HC/NO x ratio is smaller than the lower limit of the range 
mentioned above, the catalyst will not acquire a fully satisfactory activity to decompose the NO x . Conversely, if the 
30 HC/NO x ratio exceeds the upper limit of the range mentioned above, the excess will not bring about a proportionate 
addition to the activity of the catalyst and the HC will not be completely burned but will be released from the catalyst 

In this invention, when the exhaust gas has a too low HC content to obtain a fully satisfactory activity to decompose 
the MO x , the HC/NO x ratio can be suitably adjusted for the purpose of reaction by injecting a reducing agent into the 
upstream side of the catalyst in the exhaust gas at a temperature in the range of 200° to 500 °C, preferably 300° to 450 °C. 
35 Ammonia, hydrogen, and various hydrocarbons have been known as reducing agents useful for the reduction of 
nitrogen oxides. When the catalyst is used as mounted on an automobile, it is advantageous to use gas oil as the reducing 
agent from the viewpoint of convenience of system and economy. In the present invention, gas oil is appropriately used. 
Though the method for injecting the gas oil is not particularly limited, a method of introducing the gas oil in a liquefied 
form with the aid of a pipe or a method of spouting the gas oil in conjunction with airand adding it in the form of mist to 
40 the catalyst may be used preferably. 

Now, this invention will be described more specifically below with reference to working examples. 

Example 1 

45 A zirconia powder having copper carried thereon in a dispersed thereon state was obtained by thoroughly stirring 
800 g of a zirconia powder having a BET specific surface area of 1 1 0 m^/g and an average primary particle diameter of 
1 00 A in an aqueous solution prepared by dissolving 540 g of copper nitrate and 1 28 g of iron nitrate in deionized water, 
drying the resultant mixture at a temperature of 1 50 °C for 2 hours, and further calcining the dried mixed at a temperature 
of 500 °Cfor1 hour. 

so The powder thus obtained was wet ground into a slurry. A cylindrical honeycomb carrier of cordierrte containing 
about 400 open-flow gas passing cells per square inch of cross-sectional area and measuring 5.66 inches in diameter 
and 6.00 inches in length was impregnated with the slurry. The wet impregnated honeycomb carrier was deprived of 
excess slurry, then dried at 150 °C for 2 hours, and thereafter calcined at 500 °C for 1 hour, to obtain a catalyst. 

55 Example 2 

A catalyst was prepared by following the procedure of Example 1 while using 270 g of copper nitrate and 64 g of 
iron nitrate instead. 
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Example 3 

A catalyst was prepared by following the procedur of Example 1 while using 600 g of the same zirconia powd r 
as in Example 1 , 810 g of copper nitrate, and 192 g of iron nitrate instead. 

5 

Example 4 

A catalyst was prepared by following the procedure of Example 1 while adding 800 g of the same zirconia powder 
as in Example 1 and 1 7.8 g of tungstic anhydride to an aqueous solution containing 540 g of copper nitrate instead. 

w 

Example 5 

A catalyst was prepared by following the procedure of Example 1 while using an aqueous solution prepared by 
dissolving 540 g of copper nitrate, 89.8 g of iron nitrate, and 37.6 g of manganese nitrate in deionized water instead. 

75 

Example 6 

A catalyst was prepared by following the procedure of Example 1 while using an aqueous solution having 540 g of 
copper nitrate and 69.2 g of nickel nitrate dissolved in deionized water instead. 

20 

Example 7 

A catalyst was prepared by following the procedure of Example 1 while using 1 7.8 g of gallium oxide in place of 128 
g of iron nitrate. 

25 

Example 8 

A catalyst was prepared by following the procedure of Example 1 while using 64.4 g of cobalt nitrate in place of 128 
g of iron nitrate. 

30 

Control 1 

A catalyst was prepared by following the procedure of Example 1 while using 33.8 g of copper nitrate alone as a 
catalytic component. 

35 

Control 2 

A catalyst was prepared by following the procedure of Example 5 while using 800 g of an alumina powder having 
a BET specific surface area of 145 m?/g in place of zirconia. 

40 

Control 3 

A catalyst was prepared by following the procedure of Example 1 while using ferrierrte (produced by To so K.K. and 
marketed under product code of "HSZ-720KOA") in place of zirconia. 

45 

Control 4 

A catalyst was prepared by following the procedure of Example 2 while omitting the use of iron nitrate. 
The compositions of the catalysts obtained in Examples 1 through 8 and Control 1 through 4 mentioned above are 
so shown in Table 1 and Table 2. The numerical values given in Table 1 and Table 2 represent the amounts (g) used per 
liter of the three-dimensional structure. 

Example 9 (Evaluation of catalyst) 

55 The catalysts obtained in Examples 1 through 8 and Controls 1 through 4 were tested for ability to purge dieset 
engine exhaust gas by the following method. In this method, an overcharging direct injection type diesel engine (four 
cylinders, 2800 cc) was adopted and gas oil having a sulfur content of 0.04% by weight was used as fuel. 
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A given catalyst was attached to an exhaust gas pipe from the engine mentioned above. With the engine operated 
at a rate of 2500 rpm under full load, the catalyst was tested for durability for 100 hours under the condition of 700 °C 
of catalyst inlet temperature. 

Then, th catalyst was ventilated under the conditions of 2000 rpm of engine speed and 200 °C of catalyst inlet 
temperature for 1 hour. Subsequently, the catalyst inlet temperature was set at 250 °C, 300 °C, 350 °C. 400 °C, and 450 
°C by varying the torgue with the rate of the engine fixed at 2000 ppm, and the exhaust gas was sampled at the inlet 
and the outlet of the catalyst bed and the samples were tested for contents of NO x and particulates to find the ratios of 
purification. 

The gas oil used as the reducing agent for the NO x was injected into the upstream of the catalyst bed at a rate such 
that the amount thereof to be consumed as a fuel fell at 3%. The removal ratio of NO x and the particulates were deter- 
mined based on the inlet concentrations thereof in the absence of the use of gas oil and the actual outlet concentrations 
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thereof. The results are shown in Tables 1 and 2. 
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Claims 

1. A catalyst for the decompose n of nitrogen oxides, having a refractory three-dimensional structure coated with a 
copper-containing refractory inorganic oxide powder having deposited copper and the catalytically active oxide of 

5 at least one metal selected from th group consisting of tungsten, gallium, nickel, manganese, iron, and cobalt on 
a zirconia powder, wherein said zirconia powd r has a BET specific surface area in the range of 50 to 200 rr^/g and 
an average primary particle diameter in the range of 50 to 200 A. 

2. A catalyst according to claim 1, wherein said refractory three-dimensional structure is an open-flow ceramic hon- 
io eycomb or metal honeycomb. 

3. A catalyst according to claim 1 or claim 2, wherein the copper content as element is in the range of 5 to 50% by 
weight based on said zirconia powder and in the range of 4 to 100 g per liter of said refractory three-dimensional 
structure. 

75 

4. A catalyst according to any of claims 1 through 3, wherein the amount of said catalytically active oxide of at least 
one metal to be used in combination with copper is in the range of 2 to 40% by weight based on the copper element. 

5. A catalyst according to any of claims 1 through 4, wherein the amount of said zirconia powder is in the range of 50 
20 to 250 g per liter of said refractory three-dimensional structure. 

6. A method for the removal of nitrogen oxides in a diesel engine exhaust gas, characterized by exposing to the catalyst 
set forth in any of claims 1 through 5 a diesel engine exhaust gas whose HC/NO x molar ratio is in the range of 0.5 
to 20 (HC reduced to methane concentration). 

25 

7. A method for the removal of nitrogen oxides in a diesel engine exhaust gas, characterized by injecting a reducing 
agent into said diesel engine exhaust gas and exposing said exhaust gas to the catalyst set forth in any of claims 
1 through 5. 

30 8. A method according to claims 6 or claim 7, wherein the temperature of said exhaust gas into which said reducing 
agent is injected is in the range of 200 to 500 °C. 

9. A method according to any of claims 6 through 8, wherein said reducing agent is gas oil. 
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